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1.1 Introduction

The WRF-Chem User’s Guide is designed to provide the reader with information
specific to the chemistry part of the WRF model and its potential applications. It will
provide the user a description of the WRF-Chem model and discuss specific issues
related to generating a forecast that includes chemical constituents beyond what is
typically used by today’s meteorological forecast models. For additional information
regarding the WRF model, the reader is referred to the WRF model User’s Guide
(http://www.mmm.ucar.edu/wrf/users/docs/user guide V33/contents.html).

Presently, the WRF-Chem model is now released as part of the Weather Research
and Forecasting (WRF) modeling package. And due to this dependence upon WREF, it is
assumed that anyone choosing to use WRF-Chem is very familiar with the set-up and use
of the basic WRF model. It would be best for new WRF users to first gain training and
experience in editing, compiling, configuring, and using WRF before venturing into the
more advanced realm of setting up and running the WRF-Chem model.

The WRF-Chem model package consists of the following components (in
addition to resolved and non-resolved transport) as well as some additional unlisted
capabilities:

® Dry deposition, coupled with the soil/vegetation scheme
®  Four choices for biogenic emissions:
® No biogenic emissions included
® Online calculation of biogenic emissions as in Simpson et al. (1995) and Guenther
et al. (1994) includes emissions of isoprene, monoterpenes, and nitrogen
emissions by soil
® Online modification of user-specified biogenic emissions - such as the EPA
Biogenic Emissions Inventory System (BEIS) version 3.14. The user must
provide the emissions data for their own domain in the proper WRF data file
format

® Online calculation of biogenic emissions from MEGAN
® Three choices for anthropogenic emissions:



® No anthropogenic emissions

® (Global emissions data from the one-half degree RETRO and ten-degree EDGAR
data sets

® User-specified anthropogenic emissions such as those available from the U.S.
EPA NEI-05 data inventory. The user must provide the emissions data for their
own domain in the proper WRF data file format

Several choices for gas-phase chemical mechanisms including:

e RADM2, RACM, CB-4 and CBM-Z chemical mechanisms

® The use of the Kinetic Pre-Processor, (KPP) to generate the chemical
mechanisms. The equation files (using Rosenbrock type solvers) are currently
available for RADM2, RACM, RACM-MIM, SAPRC-99, MOZART and
NMHC9 chemical mechanisms

Three choices for photolysis schemes:

® Madronich scheme coupled with hydrometeors, aerosols, and convective
parameterizations. This is a computationally intensive choice, tested with many
setups

® Fast-J photolysis scheme coupled with hydrometeors, aerosols, and convective
parameterizations

®* F-TUV photolysis scheme. This scheme, also from Sasha Madronich, is faster
than the previous Madronich scheme option.

Five choices for aerosol schemes:

® The Modal Aerosol Dynamics Model for Europe - MADE/SORGAM

®* The Modal Aerosol Dynamics Model for Europe with the Volitity Basis Set
aerosols — MADE/VBS

®* The Modal Aerosol Module (MAM) 3 or 7 bin schemes closely coupled to the
CAMS physics

® The Model for Simulating Aerosol Interactions and Chemistry (MOSAIC - 4 or 8
bins) sectional model aerosol parameterization

® A bulk aerosol module from GOCART

Aerosol direct effect through interaction with atmospheric radiation, photolysis, and

microphysics routines. In version 3.5 this is available for all aerosol options

Aerosol indirect effect through interaction with atmospheric radiation, photolysis, and

microphysics routines. In V3.5 this option is available for modal and sectional aerosol

options

An option for the passive tracer transport of greenhouse gases

Two options for a 10-bin volcanic ash aerosol scheme based upon emissions from a

single active volcano. One scheme includes SO, degassing from the volcano while

the other ignores SO, degassing. Volcanic ash emissions can also be coupled to some

aerosol modules (bulk and modal)

A tracer transport option in which the chemical mechanism, deposition, etc. has been

turned off. The user must provide the emissions data for their own domain in the

proper WRF data file format for this option. May be run parallel with chemistry

A plume rise model to treat the emissions of wildfires



1.2 WRF-Chem software

The chemistry model has been built to be consistent with the WRF model 1/O
Applications Program Interface (I/O API). That is, the chemistry model section has been
built following the construction methodology used in the remainder of the WRF model.
Therefore, the reader is referred to the WRF software description in the WRF User’s
Guide (Chapter 7) for additional information regarding software features like the build
mechanism and adding arrays to the WRF registry. And while the chemistry model has
been built with the intent to work within the WRF framework, not all run time options
(e.g., physical parameterizations) that are available for WRF will function properly with
chemistry turned on. Therefore, care must be taken in selecting the parameterizations
used with the chemistry schemes.

1.3 Possible applications of the current modeling system
* Prediction and simulation of weather, or regional and local climate

= Coupled weather prediction/dispersion model to simulate release and transport of
constituents

= Coupled weather/dispersion/air quality model with full interaction of chemical
species with prediction of O; and UV radiation as well as particulate matter (PM)

= Study of processes that are important for global climate change issues. These
include, but are not restricted to the aerosol direct and indirect forcing
1.4 The WRF-Chem modeling system overview

The following figure shows the flowchart for the WRF-Chem modeling system
version 3.5.
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As shown in the diagram, the WRF-Chem modeling system follows the same structure as
the WRF model by consisting of these major programs:

= The WRF Pre-Processing System (WPS)
= WRF-Var data assimilation system



=  WREF solver (ARW core only) including chemistry
= Post-processing and visualization tools

The difference with regular WRF comes from the chemistry part of the model needing to
be provided additional gridded input data related to emissions. This additional input data
is provided either by the WPS (dust emission fields), or read in during the real.exe
initialization (e.g., biomass burning, biogenic emissions, GOCART background fields,
etc.), or read in during the execution of the WRF solver (e.g., anthropogenic emissions,
boundary conditions, volcanic emissions, etc.). And while some programs are provided in
an attempt to aid the user in generation of these external input data files, as stated earlier,
not all emissions choices are set-up to function for all possible namelist options related to
the WRF-Chem model. In other words, the generation of emissions input data for
simulating the state of the atmosphere’s chemistry can be incredibly complex. Some
times the user will need to modify code, or the model configuration, to get it to function
properly for their project.



Chapter 2: WRF-Chem Software Installation
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2.1 Introduction

The WRF modeling system software (including chemistry) installation is
straightforward on the ported platforms. The package is mostly self-contained, meaning
that WRF requires no external libraries that are not already supplied with the code. One
exception for WRF is the netCDF library, which is one of the supported I/O API
packages. The netCDF libraries or source code are available from the Unidata homepage
at http://www.unidata.ucar.edu (select the pull-down tab Downloads, registration
required, to find the netCDF link). Likewise, there is one exception as well, the fast
lexical analyser (FLEX) library (libfl.a) will be needed if compiling the KPP chemistry
code. This library is commonly included with GNU bison and is freely available for
download at http://www.gnu.org/software/bison if it is not already installed on your unix
systm.

The WRF-Chem model has been successfully ported to a number of Unix-based
machines. We do not have access to all tested systems and must rely on outside users and
vendors to supply required configuration information for compiler and loader options of
computing architectures that are not available to us. See also chapter 2 of the User’s
Guide for the Advanced Research WREF for a list of the supported combinations of
hardware and software, required compilers, and scripting languages as well as post-
processing software. It cannot be guaranteed that chemistry will build successfully on all
architectures that have been tested for the meteorological version of WRF.

Note that this document assumes a priori that the reader is very familiar with the
installation and implementation of the WRF model and its initialization package (e.g., the
WRF Preprocessing System, or WPS). Documentation for the WRF Model and its
initialization package can be found at (http://www.mmm.ucar.edu/wrf/users/pub-
doc.html). With this assumption in place, the remainder of this chapter provides a quick
overview of the methodology for downloading the WRF-Chem code, setting the required
environmental variables, and compiling the WRF-Chem model. Subsequent chapters
assume that the user has access to the WRF-Chem model- and emission-data sets for their
region of interest and has them readily available so that a full weather and chemical
transport simulation can be conducted.



2.2 Building the WRF-chemistry code
2.2.1 Getting the code
To obtain the WRF-Chem model one should follow these steps:

= Download, or copy to your working space, the WRF zipped tar file.

* The WRF model and the chemistry code directory are available from the
WRF model download web site (http://www.mmm.ucar.edu/wrf/users)

* The chemistry code is a separate download from the WRF model
download web page and can be found under the WRF-Chemistry code title

* Always get the latest version if you are not trying to continue a long
project

*  Check for known bug fixes for both WRF and WRF-Chem by examining
the WRF and WRF-Chem web pages

»  Unzip and untar the file
* > gzip—cd WRFV3-Chem-3.5.TAR | tar —xf —
* Again, if there is a newer version of the code use it, 3.5 is used only as an
example
* >cd WRFV3

Remember that bug fixes become available on a regular basis and can be downloaded
from the WRF-Chem web site (http://www.wrf-model.org/WG11). You should check this
web page frequently for updates on bug fixes. This includes also updates and bug fixes
for the meteorological WRF code (http://www.mmm.ucar.edu/wrf/users).

2.2.2 UNIX environment settings for WRF-Chem

Before building the WRF-Chem code, several environmental settings are used to
specify whether certain portions of the code need to be included in the model build. In c-
shell syntax, the important environmental settings are:

setenv EM_CORE 1
setenv NMM_CORE 0

and they explicitly define which model core to build. These are the default values that are
generally not required. The environmental setting

setenv WRF CHEM 1

explicitly defines that the chemistry code is to be included in the WRF model build, and
is required for WRF-Chem. This variable is required at configure time as well as compile
time.



Optionally,

setenv WRF KPP 1
setenv YACC ‘/usr/bin/yacc —d’
setenv FLEX LIB DIR /usr/local/lib

explicitly defines that the Kinetic Pre-Processor (KPP) (Damian et al. 2002; Sandu et al.
2003; Sandu and Sander 2006) is to be included in the WRF-Chem model build using the
flex library (libfl.a). In our case, the flex library is located in /usr/local/lib and compiles
the KPP code using the yacc (yet another compiler compiler) location in /ust/bin. This is
optional as not all chemical mechanisms need the KPP libraries built during compilation.
The user may first determine whether the KPP libraries will be needed (see chapter 6 for
a description of available options). One should set the KPP environmental variable to
zero (setenv WRF KPP 0) if the KPP libraries are not needed.

2.2.3 Configuring the model and compiling the code

The WREF code has a fairly complicated build mechanism. It tries to determine the
architecture that you are on, and then present you with options to allow you to select the
preferred build method. For example, if you are on a Linux machine, the code mechanism
determines whether this is a 32-or 64-bit machine, and then prompts you for the desired
usage of processors (such as serial, shared memory, or distributed memory) and
compilers. Start by selecting the build method:

= > /configure

= Choose one of the options

¢ Usually, option "1" is for a serial build. For WRF-Chem do not use the
shared memory OPENMP option (smpar, or dm + sm) as these options
are not supported. The serial build is a preferred choice if you are
debugging the program and are working with very small data sets (e.g. if
you are developing the code). Since WRF-Chem uses a lot of memory
(many additional variables), the distributed memory options are preferred
for all other cases

* You can now compile the code using
* > /compile em real >& compile.log

= If your compilation was successful, you should find the executables in the
“main” subdirectory. You should see ndown.exe, real.exe, and wrf.exe listed
* >|s-Is main/*.exe

2.2.4 Building the WRF-chemistry-emissions-conversion code

After building the WRF-Chemistry model, you can then compile the optional
conversion programs that will allow you to run the anthropogenic- and biogenic-
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emissions programs. These programs are used to convert “raw” anthropogenic- and
biogenic-data files into WRF netCDF input data files. In the WRFV3 directory, type the
following commands:

= > /compile emi _conv

= >]s-Is WRFV3/chem/*.exe
* You should see the file convert emiss.exe listed in the chemistry
directory. This file should already be linked to the WRFV3/test/em_real
directory.

= >]s-lIs WRFV3/test/em_real/*.exe
* You should see the files ndown.exe, real.exe, wrf.exe, convert_emiss.exe,
listed in the em_real directory.

At this point all of the WRF-Chemistry model have been built. The model can be
run and the run time messages should indicate that chemistry is included. But before one
can use the WRF chemistry model to its full potential, the emissions input data needs to
be generated. The manufacturing of the emissions input data is the subject of the next
chapter.
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3.1 Introduction

One of the main differences between running with and without chemistry is the
inclusion of additional data sets describing the sources of chemical species. At this time,
these files need to be prepared externally from the WRF-Chem simulation due to the
wide variety of data sources. This places the WRF-Chem user in a position of needing to
understand the complexity of their emissions data as well as having the control over how
the chemicals are speciated and mapped to their simulation domain. While this can be a
daunting task to the uninitiated, the following section will illustrate the methodology
through which emissions data is generated for a forecast domain.

3.2 Preparation of anthropogenic emissions for use with WRF-Chem

At this time there is no single tool that will construct an anthropogenic- emissions
data set for any domain and any chemical mechanism that you select. This places the
requirement upon you, the WRF-Chem model user, to construct the anthropogenic-
emissions data set for your particular domain and desired chemistry. However,
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several programs and data sets are provided that you may use to create an emissions data
set, if your domain and your choice of chemical mechanism follow some restrictions.
These programs are described in the following two subsections. Note that you must know
a priori the preferred domain location and chemistry options that will be used in the
simulation. The "raw" anthropogenic-emissions data set described next can be used if the
domain is (1) located either anywhere over the globe, or (2) over the 48 contiguous states
of the United States. The next section shows the suggested methodology for constructing
your own anthropogenic-emissions data set for either one of the two domain locations.

3.2.1 Using the global-emissions data set

The use of a global-emissions data set with WRF-Chem is probably the most
common choice of options. The global emissions data comes from the REanalysis of the
TROpospheric (RETRO) chemical composition over the past 40 years
(http://retro.enes.org/index.shtml) and Emission Database for Global Atmospheric
Research (EDGAR) (http://www.mnp.nl/edgar/introduction). Both RETRO and EDGAR
provide global annual emissions for several greenhouse gases (e.g., CO,, CH4 and N,0O)
as well as some precursor gases on a .5x.5 degree (RETRO) or a 1x1 degree (EDGAR)
grid.

A simple grid-mapping program has been made available to WRF-Chem users.
This program, called prep chem sources, was developed at CPTEC, Brazil and is
available to WRF-Chem users (Freitas et al., 2011). The program will map the global
anthropogenic emissions data to a WRF-forecast domain using a Mercator, polar
stereographic or Lambert conformal projection. This global anthropogenic emissions
program and associated RETRO/EDGAR emissions is available from the WRF-Chem ftp
site (ftp://aftp.fsl.noaa.gov/divisions/tag/global emissions). The reader is advised to turn
to appendix (B) for more information regarding the location of the prep chem sources
code and global emissions data as well as the compilation and use of the
prep_chem_sources routine.

3.2.2 The standard 4-km resolution data set (2005 NEI emissions data for USA only)

Anthropogenic-emissions data is currently available for the contiguous 48 states
of the United States, southern Canada and northern Mexico based upon the U.S.
Environmental Protection Agency (EPA) National Emissions Inventory (NEI) 2005
inventory. Area type emissions are available on a structured 4-km grid, while point type
emissions are available by latitude and longitude locations and with stack parameters
needed for plume-rise calculations. This data is discussed later in this section and can be
found online at http://ruc.noaa.gov/wrf/WG1 1/anthropogenic.htm. For those who desire
to conduct simulations over other regions of the world, the reader is referred to the
previous section as well as appendix B that describes the use of a global anthropogenic-
emissions inventory for the WRF-Chem model. The methodology for transferring an
anthropogenic-emissions data set to the WRF model is discussed in the following section.
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3.2.2.1 Anthropogenic-emissions construction methodology for WRF-Chem

The methodology for constructing your own anthropogenic-emissions data set is:

Obtain the “raw” anthropogenic-emissions data. This data could come from a
variety of data sources and be on multiple map projections and/or domains.

o A 4-km emissions data set (area) and point source is available for the U.S.
(ftp://aftp.fsl.noaa.gov/divisions/tag/emissions_data_2005). Use of this
data is recommended when the simulation domain has a horizontal grid
spacing of 12 km or greater.

Specify, or make a table listing that relates “raw” emissions to the speciation of
the desired chemical mechanism and PM mechanism (see following section)

o The provided routines (emiss v03.F) assume that the RADM2 chemical
mechanism and MADE/SORGAM modal aerosol models are being used
in the simulation.

Prepare the 3-D (or 2-D) anthropogenic-emissions data set

o Account for rise of emissions from stack, biomass burning, etc.

o Output data in an intermediate format (binary for the U.S. NEIOS case).
You can change format to match your needs in module input
chem_data.F

Convert the emissions data to a WRF netCDF data file

o Convert intermediate format (binary) emissions to 4-D WRF netcdf files
(with executable of convert_emiss.F subroutine)

o Input data format must match that used in the conversion routine (see
module_input chem_data.F)

o Map data (extracted from the header in file wrfinput dO1) is needed for
some plotting routines to function properly.

If running WRF-Chem with a carbon bond type mechanism (CBM4, CBMZ,
etc.), be sure to use the correct emiss inpt opt setting for the chemical
mechanism. The WRF-Chem code will assume the emissions are in RADM?2
form and will repartition the emitted species to the appropriate carbon bond
mechanism unless you specify a different choice with the emiss inpt opt. In
addition, the SORGAM emissions will be converted to the 4 or 8 size bins for use
in the MOSAIC aerosol routines.

3.2.2.2 Construction of an anthropogenic-emissions-inventory conversion table

Begin with a list of known chemical species that are emitted in the domain of

interest. These species may need to be translated into a list of chemical species that are
used by your particular photochemical and aerosol mechanisms within the WREF-
Chemistry model. If you are uncertain about the names and units of the emissions data,
the registry.chem file in the WRFV3/Registry subdirectory contains the names and
dimensions of the chemical species used within the WRF-Chem model.

The translation from “raw” to WRF-Chem species emissions will often result in

either lumping several emitted chemical species into one simulated species, or the
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partitioning of one emitted species into fractions of several simulated species. As an
example, the following emission assignment table (Table. 3.2) translates the “raw” NEIO5
based emission species into the WRF-Chem RADM?2 species. The columns contain the
following information:

= names of the emitted species in the “raw” data derived from the EPA NEIO5
inventory, VOC speciation is that used in the SAPRC-99 chemical mechanism.

= names of the emitted species used in the WRF-Chemistry model, Variable names
(e.g. e_co) must match the WRF-Chem Registry names of the emission variables.

= the fractional amount of the “raw” emitted species assigned to the model emission
name,

= the molecular weight (used as a switch in emiss_v03.F — applies only to primary
NOx, SO,, CO and NH; emissions),

= the technical name of the “raw” emitted species

Table 3.1. Conversion table within emiss v03.F used to produce input-emissions data
for a WRF-chemistry simulation. This table lists the “raw” emission name, the emissions
field name used in the WRF model, the weight factor applied to the chemical field, the
molecular weight of the species (NOx, SO, CO and NH; only) and the full species name.
The fields are then converted to an emissions speciation suitable for use with the RADM?2
chemical mechanism (+MADE/SORGAM aerosol module).

“raw” WRF/Chm Weight MW  Species name

name name

CO e _co 1.00 28 Carbon monoxide

NOX € no 1.00 46 Nitrogen Oxides (NO or NO,)

SO2 € so2 1.00 64 Sulfur dioxide

NH3 e nh3 1.00 17 Ammonia

HCO02 e _eth 1.00 00 Alkanes with kOH<500/ppmv/min (Ethane)

HCO03 e hc3 1.00 Alkane500<kOH<2500 (exclude C3HS, C2H2,
a organic acids)

HC04 e hc3 1.11 00 Alkane2500<kOH<5000 (exlude butanes)

HCO05 e hcs 0.97 00 Alkane 5000<kOH<10000 (exlude pentanes)

HCO06 e hc8 1.00 00 Alkane kOH>10000

HC07 e ol2 1.00 00 Ethylene

HCO08 e olt 1.00 00 Alkene kOH <20000 /ppm/min

HCO09 e oli 1.00 00 Alkene kOH >20000 /ppm/min

HC10 e _iso 1.00 00 Isoprene

HCI12 e tol 1.00 00 Aromatic kOH <20000 /ppm/min (exclude

benzene and toluene)
HCI13 e xyl 1.00 00 Aromatic kOH >20000 /ppm/min (exclude
xylenes)

HC14 e _hcho 1.00 00 Formaldehyde

HCI15 e ald 1.00 00 Acetaldehyde

HC16 e ald 1.00 00 Higher aldehydes

HC17 e ald 1.00 00 Benzaldehyde

HCI18 e ket 0.33 00 Acetone
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HC19 e ket 1.61 00 Methylethyl ketone

HC20 e ket 1.61 00 PRD2 SAPRC-99 species (ketone)

HC21 e hc3 0.40 00 Methanol

HC22 e ald 1.00 00 Glyoxal

HC23 e ald 1.00 00 Methylglyoxal

HC24 e ald 1.00 00 Biacetyl

HC25 e csl 1.00 00 Phenols

HC26 e csl 1.00 00 Cresols

HC27 e ald 0.50 00 Methacrolein

HC27 e olt 0.50 00 Methacrolein

HC28 e ket 0.50 00 Methylvinyl ketone

HC28 e olt 0.50 00 Methylvinyl ketone

HC29 e ket 1.00 00 IPRD SAPRC-99 species (other ketones)

HC31 e olt 1.00 00 Propylene

HC32 e hc3 0.40 00 Acetylene

HC33 e_tol 0.29 00 Benzene

HC34 e hc3 1.11 00 Butanes

HC35 e _hc5 0.97 00 Pentanes

HC36 e tol 1.00 00 Toluene

HC37 e xyl 1.00 00 Xylenes

HC38 e hc3 0.57 00 Propane

HC39 e oli 1.00 00 Dienes

HC40 e olt 1.00 00 Styrenes

HC41 e ora2 1.00 00 Organic Acids

PMO1 e pm25i 0.20 01 Unspeciated primary PM2.5 - nuclei mode

PMO1 e pm25j 0.80 01 Unspeciated primary PM2.5 - accumulation
mode

PMO02 e sodi 0.20 01 Sulfate PM2.5 - nuclei mode

PMO02 e so4j 0.80 01 Sulfate PM2.5 - accumulation mode

PMO03 e no3i 0.20 01 Nitrate PM2.5 - nuclei mode

PMO3 € _noj 0.80 01 Nitrate PM2.5 - accumulation mode

PM04 e orgi 0.20 01 Organic PM2.5 - nuclei mode

PMO04 e orgj 0.80 01 Organic PM2.5 - accumulation mode

PMO5 e _eci 0.20 01 Elemental Carbon PM2.5 - nuclei mode

PMO5 e _ecj 0.80 01 Elemental Carbon PM2.5 - accumulation mode

PM10- e pml0 1.00 01 Unspeciated Primary PM10

PRI

The next step is to construct a program that reads the “raw” anthropogenic-
emissions data, converts each chemical species to those used by the WRF-Chem model
following the information from your particular conversion table and finally maps it onto
the 3-dimensional simulation domain. Therefore, within this step any plume rise, or
above surface anthropogenic emission placement needs to be specified. Particular
attention to geospatial details, such as the WRF-Chem domain grid locations, and the

elevation of model vertical levels relative to the “raw ” emissions data set must be
considered.
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A

program is

provided

on the

WRF-Chem ftp site

(ftp://aftp.fsl.noaa.gov/divisions/tag/emissions_data_2005) that can be used with the NEI-
05 U.S. anthropogenic-emissions inventory - emiss v03.F. While your application may
not use the “raw” emissions data for your simulation, it is provided as an example of the
adopted methodology. The product of the program is a binary data file containing three-
dimensional emissions data, output at each hour that is mapped to a specified simulation
domain. The data format in the provided program is provided in Table 3.2.

Table 3.2. Converted or “intermediate binary” emission data used to produce input
emissions data for a WRF-chemistry simulation. This table lists each output variable, its
variable declaration, dimensions, and any additional information. The output-data fields
are specific to the RADM?2-chemical mechanism (+ MADE/SORGAM aerosol module).

File
variable
nv
ename
hour
so2
no
ald
hcho
ora2
nh3
hc3
hc5
hc8
eth
ora2
nh3
co
ol2
olt
oli
tol
xyl
ket
csl
1S0
pm2.51
pm2.5j
sodi
so4j
no3i
no3j

Declaration

integer
character*9
integer
real
real
real
real
real
real
real
real
real
real
real
real
real
real
real
real
real
real
real
real
real
real
real
real
real
real
real

Dimensions

1

30

1
(nx,nz,ny)
(nx,nz,ny)
(nx,nz,ny)
(nx,nz,ny)
(nx,nz,ny)
(nx,nz,ny)
(nx,nz,ny)
(nx,nz,ny)
(nx,nz,ny)
(nx,nz,ny)
(nx,nz,ny)
(nx,nz,ny)
(nx,nz,ny)
(nx,nz,ny)
(nx,nz,ny)
(nx,nz,ny)
(nx,nz,ny)
(nx,nz,ny)
(nx,nz,ny)
(nx,nz,ny)
(nx,nz,ny)
(nx,nz,ny)
(nx,nz,ny)
(nx,nz,ny)
(nx,nz,ny)
(nx,nz,ny)
(nx,nz,ny)
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Number of chemical species
Name of each emissions field in model

Hour of the emissions data (begin loop)



orgi real (nx,nz,ny)

orgj real (nx,nz,ny)
eci real (nx,nz,ny)
ecj real (nx,nz,ny)
pml0 real (nx,nz,ny)  (end loop)

For spatial partitioning, the emiss v03.F program implicitly assumes the WRF-
Chem grid has a horizontal grid spacing larger than 4 km, and simple grid dumping from
the “raw” 4-km domain into the specified WRF-Chem domain is appropriate. Currently
no plume rise calculations directly couple WRF dynamics to anthropogenic point
emissions. The emiss VO3.F routine includes some plume rise from the Brigg’s
formulation due to momentum lift from direct injection, and a specified horizontal wind
climatology. Emissions within nested domains are also handled within emiss v03.F by
specifying mother domain map parameters, the nested domain grid resolution, and
beginning x and y locations of the nested domain within the mother domain. These
variable names are listed, and described further in the following section.

We assume that the anthropogenic-emissions data is updated at an hourly interval.
However, the update interval is arbitrary and can be specified by you for your individual
application. In addition, if the given binary format of the output data from emiss vO03.F is
not functional for your needs, the data format can be modified within the program.
However, if the output data format is changed, the WRF-Chem program convert emiss.F
will also need to be modified so that the converted raw-emissions data can be read into
the program correctly and converted.

The emissions units for both surface and elevated point sources are in mole per
square kilometer per hour for gas phase species and in units of microgram per square
meter per second (microgram m~ s™') for the aerosol species. These are the units
assumed within the WRF-Chem input processor for the emissions files, and the
convert_emiss.F processing step that generates the netcdf emission file(s) described
further below. (Conversion of gas-phase emissions into the mixing ratio increases at each
grid is handled within module emissions_anthropogenic.F. Aerosol increases due to
emissions are handled in individual aerosol mechanism modules.)

It is entirely incumbent upon the user to specify location and time of emissions
from the “raw” emissions for their own applications within this intermediate step of the
emissions processing.

3.2.2.3 Additional details for running emiss v03.F with the NEI-05 anthropogenic-
emissions data set

The “raw” anthropogenic-emissions data for the 48 contiguous states as well as
select regions of Canada and Mexico have been made available for download by the
NOAA/Earth System Research Laboratory, Chemical Sciences Division. The process to
create anthropogenic-emissions-input data files from this data is as follows:
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Before generation of the anthropogenic-emissions data file can begin, the real.exe
program should be used to create the wrfinput dO1 and wrfbdy dO1 data files for
your desired domain. There are two reasons for doing this. The first is so that you
know exactly where the simulation domain is located. The second is because the
emissions conversion program (convert emiss.exe) will read the netCDF header
information from the wrfinput dO1 data file and write this information into the WRF-
chemical-emissions data files. If the wrfinput dO1 data file does not exist, the
program will abort with an error.

Download the raw-emissions data tar file from the anonymous ftp server
(ftp://aftp.fsl.noaa.gov/divisions/tag/emissions_data 2005/em05v2_file*.tar) and
extract the data into its own directory (e.g., $home/emissions_data).

Download the emiss v03.F program from the anonymous ftp server.
Modify emiss v03.F to set map and grid parameters for your particular domain as

well as the directory that contains the “raw” emissions data. For the provided test
domain you should have the following settings:

Model variable Value Description

Il 40 east-west grid spacing (ix2+1) of mother domain and
west_east_stag dimension on your WRF domain

Jl 40 north-south grid spacing (jx2+1) of mother domain and
south_north_stag dimension on your WRF domain

Ix2 39 x-dimension of user domain output data (IL-1)

JIx2 39 y-dimension of user domain output data (JL-1)

Kx 19 z-dimension of user domain output data or kemit on your WRF

domain. The vertical dimension can equal or be less than that used
in the WRF domain.

Inestl 0 nesting or no nesting flag (no nesting => inest1 = 0)
Dx 60.E3  horizontal grid spacing (m) of user domain
Dxbigdo 60.E3  Horizontal grid spacing on mother domain (m)
Xlatc 38.00  grid center latitude of mother domain
Xlonc -80.00  grid center longitude of mother domain
Clatl 38.001  Northern most reference latitude of projection (mother domain)
Clat2 38.000  Southern most reference latitude of projection (CLAT1 > CLAT2
for Lambert Conformal, CLAT?2 not used for polar stereographic)
Iproj 1 projection type (see WRFSI information)
Rekm 6370. Earth radius (km)
XNESSTR 1. x-location in mother domain of southwest corner point of the (1,1)
grid in the user domain. Not used if Inest1=0 .
YNESSTR 1. y-location in mother domain of southwest corner point of the (1,1)
grid in the user domain. Not used if Inest1=0 .
Datadir /data  Path to directory holding emissions input data (character string)
zfa (See Elevation (m) at the top of each computational cell
below)
KWIN 20 Number of vertical levels in the horizontal wind profile
WSP Wind speed at level height(m) specified by REFWZ
REFWZ Elevation (m) of the specified horizontal wind profile
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DATA zZFA/ 0., 255.
1527., 1824.

4059., 4967.
16461.,20346.

515., 781., 1054., 1335., &
2130., 2553., 2994., 3454., &
6741., 8723.,10992.,14084., &

~ S N~

Note: the model ZFA height levels have been determined separately by processing
the wrfinput d01 file generated by real.exe to obtain the average height of each
vertical domain levels in meters.

= Compile emiss v03.F (single processor mode) with the command “pgf90 —Mfree —
byteswapio —o emiss_v03.exe emiss v03.F” and run emiss v03exe. This program,
using raw-emissions data, maps the emissions data to your specified domain and
generates binary-emissions data files (file names are set in emiss v03.F to be
wrfem 00to12Z and wrfem 12t024Z7).

3.2.3 Wildfire emissions

The prep chem sources program (see appendix B) is capable of providing
biomass burning emissions or wildfire emissions to the WRF-Chem forecast. The
geostationary NOAA weather satellite (GOES) provides half-hourly fire data for the
Western Hemisphere. Specifically, GOES-East provides coverage for North and South
America while GOES-West covers North America only. Data files containing the
WFABBA fire location are distributed by the University of Wisconsin-Madison
(http://cimss.ssec.wisc.edu/goes/burn/wfabba.html). The archived WF-ABBA data are
available at this time from two different web sites; http://www.firedetect.noaa.gov and
http://www.nrlmry.navy.mil.flambe/index.html. ~ Additional wildfire location data is
available from MODIS at the University of Maryland web site:
http://firefly.geog.umd.edu/firms. The prep chem_sources reads this data, the WFABBA
data files all being in one directory and MODIS from the same or different directory, and
maps the point source data to the WRF domain. It is also not too difficult to include other
sources for wildfire emissions.

In the WRF-Chem model, the wildfire-emissions data is obtained from the
wrffirechemi_d01 emissions data file. It computes the plume rise of the wildfire smoke
based upon the environmental wind and temperature profile. The emissions to the
forecast are then provided as a vertical distribution based upon the results from the plume
rise calculation.

3.2.4 Volcanic emissions
In this section the ash and SO, emissions from prescribed volcanic activities is
described. For additional information on volcanic emissions that are produced when

running prep_chem_sources the reader is referred to Freitas et al., 2011.

3.2.4.1 Volcanic ash emissions

20



To determine ash emission field during volcanic eruption events,
prep_chem sources follows the database developed by Mastin et al. (2009). This
database provides a set of parameters to model volcanic ash cloud transport and
dispersion during eruptions. There is information on 1535 volcanoes around the world
comprising location (latitude, longitude and height) and the corresponding parameters
plume height, mass eruption rate, volume rate, duration of eruption and the mass fraction
of erupted debris finer than about 63 um are provided. The emissions preprocessing tool
provides the place of the volcano in the nearest model grid box and the corresponding
emission parameters (mass eruption rate, plume height and duration). Then this
information is used within WRF-Chem to determine the vertical distribution of the
erupted mass. Within the modeling transport system, 75% of the erupted mass is
detrained in the umbrella cloud and 25% beneath. The base of the umbrella cloud is
roughly located at 73% of the plume height. The total erupted mass is calculated using
the correspondent erupted volume times the ash mass density, which is defined as being
2,500 kg m™.

The total ash mass is distributed between 10 bins of aerosol particles with
diameter size range starting from 2 mm down to less than 3.9 pum, using the
correspondent percentage of mass described by the Mount Saint Helens eruption of 1980
(Carey and Sigurdsson, 1982). For each bin, the aerodynamic radius, needed by the
setting velocity calculation, is defined as half of the arithmetic mean between the limits
of the diameters of each bin size. The algorithm to calculate the settling velocity was
originally developed for the GOCART model (Chin et al., 2002). This calculation is
based on the Stokes law corrected by the Cunningham slip factor (Pruppacher and Klett,
1997). The time interval which the ash mass is released in the domain of the model
simulation is given by the ‘duration’ parameter specified in the volc_emissions.f90.

3.2.4.2 Volcanic SO; degassing emissions

The data provided by the AEROCOM program  (http:/www-
Iscedods.cea.fr/acrocom/AEROCOM_HC/volc/, Diehl, 2009, Diehl et al., 2011) contains
volcanic SO, emissions and other variables for all days from 1 January 1979 to 31
December 2007 for all volcanoes with historic eruptions listed in the Global Volcanism
Program database provided by the Smithsonian Institution. There is one file for each year
that contains the number of events for each day of that year over the entire world. For
each event, the volcano name, date, height above the mean sea level, cloud column
height, longitude, latitude and daily emission rate of SO, are provided. There is also a
separation between eruptive and non-eruptive volcanic emissions.

In similar fashion to the volcanic ash, the emissions processing code
prep_chem sources places the SO, emissions from each volcano in the grid box which
surrounds its geographical location. The total emission is calculated by summing the
emissions of all volcanoes within the grid cell. Next, the total emission and the minimum
and maximum column heights of the set of volcanoes within the grid cell are provided.
The units are kg [SO,] m™ dy™.
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3.3 Generating the netcdf-emissions data sets

The final step in the process is to produce a WRF-Chem netCDF-emissions input
data file containing all of the required metadata (map projection data, simulation start
time, etc.) for the simulation. Ideally the metadata contained in the WRF-Chem-
emissions file would be generated by the previous step. However, if not provided by the
user, the WRF input data file (e.g., wrfinput dO1) can be read and the metdata
information added to the anthropogenic-emissions input data file. The name of the final
netcdf data file(s) can be either wrfchemi <hour> d<domain id> or
wrfchemi d<domain id> <date/time> depending upon your intent (io_style emissions
option in namelist). The latter intent is designed for daily varying emissions
(io_style emissions=2), and in this case the date/time specified in the WRF-Chem-
emissions data file must match the simulation date/time or no emissions data will be read
and a run-time error will result. The first intent (io_style emissions=1) assumes you are
creating two netcdf 4-D emission files named wrfchemi 00z d<domain id> and
wrfchemi 12z d<domain_id> that contain hourly emissions from 00:00 to 11:00 UTC,
and 12:00 to 23:00 UTC, respectively. This is the format generated by convert emiss.F
that matches the provided NEI-05 inventory. The NEI-05 inventory is representative of a
“typical ozone season day” by the U.S. EPA, and is typically used for all days within
multiday WRF-Chem simulations.

= Before the conversion from “binary intermediate” to netcdf file emissions can begin,
you need to change the namelist.input file in the WRFV3/test/em_real directory to the
emissions data file settings. The settings that will generate 24 hours of hourly-
emissions (i.e., i0_style emissions=2) data are:

&time control

run_days =1,
run_hours =0,
run_minutes =0,
run_seconds =0,

start _year =2008,

start_month =07,

start_day =14,

start_hour =00,

start_minute =00,

start_second =00,

end year =2008,

end month =07,

end day =15,

end hour =12,

end minute =00,

end second =00,

auxinput6_inname = ‘wrfbiochemi_d<domain>’,
auxinput7_inname = ‘wrffirechemi_d<domain>’,
auxinput8_inname = ‘wrfchemi_gocart bg d<domain>’,
auxinputl2 inname = ‘wrf chem input’,
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auxinputl3_inname = ‘wrfchemv_d<domain>’,

auxinput5_interval m =60,
auxinput?7_interval m = 1440,
auxinput8_interval m = 1440,

io_form_auxinput2 =
io_form_auxinput5 =
io_form_auxinput6 =
io_form_auxinput7 =
io_form_auxinput8 =
io_form_auxinputl?2 =
io_form_auxinputl3 =
io_form_auxinput14 =
io_form_auxinputl5 =

3

3

/

&chem

chem_opt =1,
emiss_opt =3,
chem in opt =0,
bio_emiss_opt =1.

Since version 3.3, the name list setting for the auxiliary input port time interval is
now dependent upon each input stream. That is, for the emissions conversion program
convert_emiss.exe, the settings for each auxiliary input port specifies whether it is
turned on, the 10 format, the time interval for the emissions data updates and the
number of frames in each file (not shown).

It is assumed that you have already configured and compiled the WRF-Chem model.
So now build the emissions conversion program with the command “compile
emi_conv” in WRFV3 directory.

Run convert_emiss.exe for 24 hours starting at 0000 UTC and ending at 0000 UTC
and save the netCDF wrfchemi d01 data file as
wrfchemi_d01 2008-07-14 00:00:00. The filename(s) need to match the name of the
input data file in mediation_integrate.F (see convert emiss.F program inside the
WRFV3/chem directory). The file(s) should be transferred (or linked) to your
WRFV3/test/em_real directory.

Once the “wrfchemi” files are generated, it is best to plot fields or use a program like
ncview to examine the files that have been generated. Look at the files and confirm
that the emissions appear to match the WRF forecast domain you previously
generated. When looking at anthropogenic emissions (e.g., co) the surface emissions
should look similar to a map with cities and possibly roads showing. Be sure to
confirm that the fields are consistent with your expected emissions fields in both
space (vertically) as well as in time. If the emissions do not match, then a dimension
error is likely happened in your namelist.input file.
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3.4 Construction and preparation of tracer emissions

At this time there is no single program available that will allow the user to
construct tracer emissions for their domain and directly import them into the simulation.
However, there are relatively simple methodologies that can be undertaken to allow the
user to generate their tracer emissions.

Probably the simplest way to produce tracer emissions is to modify the program
emiss_VO03.F to suit your needs. Upon examination of the emiss_v03.F program one will
see that it can be modified to skip the reading of the NEI emissions data sets and instead
fill the output array. The output array (i.e., EM3RD(I,K,J,N)) can be filled with user-
specified values at the desired grid location with the user-specified emitted tracer amount.
The user needs to be aware of not only where the emitted species are to be located in their
simulation domain (grid indexes [,K and J)), but also which chemical emissions index, N,
corresponds to the emitted species used as a tracer in their simulation. To get the
emissions correct, start by examining the registry.chem file to determine which species
are used in the tracer package (chem. opt=13). Then use the array ENAME in the
emiss_v03.F program to get the name and order of the emitted species. Then one can set
the emissions for the correct chemical index in the output array. Once the modified
program has been compiled and run, the binary intermediate file containing the emitted
tracer data will need to be converted to a WRF netCDF input file using the
convert_emiss.F program discussed in the previous section. An example routine using
this methodology has been made available on the WRF-Chem ftp server at:
ftp://aftp.fsl.noaa.gov/divisions/tag/emissions_data 2005/emiss_v03 tracer.F

Another methodology is for the user to build their own tracer-emissions data file
and use the convert emiss.F program as is, or modified as needed, to read the tracer data
file and produce a tracer emissions input file. This option allows users to use pre-existing
data files and to modify the tools available with the chemistry to produce input or output
files for their needs depending upon the emissions options selected.

3.4.1 The CO; tracer option

The CO, tracer option allows a user to simulate biospheric CO, fluxes using
Vegetation Photosynthesis and Respiration Model coupled to WRF-Chem. The VPRM
model uses satellite data and WRF meteorology to derive biospheric CO; fluxes from
different biomes. All the chemistry species such as CO; and CO in this option are treated
as passive tracers. No chemistry and removal processes are considered for this option.
The option simulates transport and mixing of several CO, and CO tracers from different
sources such as background, anthropogenic and biospheric. More information regarding
VPRM is provided by Pillai et al., 2011 and Ahmadov et al., 2009.

3.4.2 The Greenhouse Gas tracer option
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The Greenhouse Gas tracer option allows a user to perform simulations of COs,
CO, and CH4 within WRF-Chem. All chemistry species are treated as passive tracers.
The option includes all tracers from the CO; tracer option but also includes CHy tracers
(biogenic, anthropogenic, background) and biomass burning tracers for CO,, CO, and
CH,4 as well. Biogenic CHy4 fluxes are simulated with the Kaplan wetland inventory, the
soil uptake model from Ridgwell, and the termite database of Sanderson coupled to
WRF-CHEM. The flux models use WRF meteorology and soil characteristics to calculate
the CHj fluxes. The wetland inventory additionally relies on an external wetland
inundation map and carbon pool. Similar to chem opt=16 no chemistry and removal
processes are considered. Detailed information is found in Beck et al. (2011).

3.5 Preparation of biogenic emissions

The WRF-chemistry model does have four options to compute the biogenic-
emissions data. These options are:

3.5.1 No biogenic emissions

The first option is not to use an additional biogenic-emissions input data file
(bio_emi _opt= 0). The user could add the biogenic-emission to the anthropogenic-
emissions data if it is desired. Be sure to do this for every time period in the emissions
input data and not just the first time.

3.5.2 Guenther biogenic emissions

For the second option (bio_emi opt= 1), the model calculates the biogenic
emissions online using the USGS land-use classification, which is generated by WRF
WPS and available for the meteorological and chemical model. The user does not prepare
any biogenic-emissions input data set.

3.5.3 BEIS 3.14 biogenic emissions

For the third option, the user specifies reference fields for the biogenic emissions,
which are then modified online by a subroutine from the Biogenic-Emissions Inventory
System (BEIS) version 3.14. The land use for this emissions inventory is obtained from
the Biogenic-Emissions Land-use Database version 3 (BELD3). The reference fields
need to be provided as an additional input data file (wrfbiochemi_d01) for the real.exe
program.

The BEIS3.14 model is publicly available through the CMAS (Community
Modeling and Analysis System) at http://www.cmascenter.org/ as part of the SMOKE
(Sparce Matrix Operator Kernel Emissions) software package (version 2-4). The
physical parameterizations for temperature, light dependencies, and canopy light
correction are contained within module bioemi_beis314.F of WRF-Chem. Reference
emission files (30°C, 1000 PAR) from BEIS3.14 rely on the BELD3 (Biogenic
Emissions Landuse Database, version 3) available at
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http://www.epa.gov/ttn/chief/emch/biogenic/. This North American database contains
fractional area information on 230 individual forest, grass, and crop types at 1-km
horizontal resolution. Tools for spatial allocation of BELD3 data into common user
defined grids are also available at that website. As part of the reference emission pre-
processing, BEIS3.14 contains season-specific and vegetation-specific information for
emissions of 33 individual VOC species (including isoprene and 14 monoterpenes),
biogenic/agricultural NO, and LAI (Leaf Area Index) information needed in the canopy
light dependence calculations of isoprene, methanol and methyl-butenol.

The current version of module bioemi beis314.F is specific to reference
emissions generated for the RADM2 or RACM chemical mechanism by
NOAA/ESRL/CSD. Reference emissions for 15 VOC species within RACM, 3 NO
emission classes, and the LAI field specific to isoprene are each output on a 2-
dimensional grid for the defined WRF-Chem simulation grid as simple ASCII files
having the dimensions of (nx-1,ny-1), in 12E9.2 format. This input format is defined,
and modifiable within the input_ext chem beis3 file routine in
WRFV3/chem/module_input chem bioemiss.F. Units of emissions are in mole/km?/hr
within the ASCII files, the same as other gas-phase emissions. A list of biogenic
emission variables specific to the RACM species assignment is given in table 3.3.

Table 3.3. List of biogenic-emission variable names, and their RACM mechanism
meaning.

File variable Comments

Iso Isoprene

Oli Internal Olefins

Api Alpha Pinene

Lim Limonene

Xyl Xylene

hc3 Alkane500<kOH<2500 (propane)
Ete Ethylene

Olt Terminal Olefins

Ket Ketones

Ald Acetaldehyde (and higher aldehydes)
Hcho Formaldehyde

Eth Ethane

ora2 Acetic and higher organic acids

Co Carbon Monoxide

Nr Nonreactive VOC

noag_grow Agricultural NO — fertilized growing
noag_nongrow Agricultural NO — nonfertilized growing
Nononag Nonagricultural NO

Slai LAI for isoprene emissions
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The program convert emiss.F must be compiled, and the executable
convert_emiss.exe must be run. A data file called wrfbiochemi_dO1 (for domain 1) will
be created if bio emiss opt = 2 in your namelist.input file. Run real.exe (with
bio_emi opt=2 in the namelist) when creating the wrfinput data file - the biogenic
emissions variables should now be included in the wrfinput data file.

3.5.4 MEGAN biogenic emissions

The final option for biogenic emissions is the use of the Model of Emissions of
Gases and Aerosols from Nature (MEGAN). This global biogenic-emissions data set has
a horizontal spatial resolution of approximately 1 km so it can be used for nearly any
WRF-Chem simulation. The use of this biogenic-emissions option requires the user to
download and compile a further utility from the National Center for Atmospheric
Research (NCAR) web site http://www.acd.ucar.edu/wrf-chem/. The utility prepares
MEGAN input data files for use in WRF-Chem — these files are named wrfbiochemi_d0x
files — and a separate file is provided for each domain (d0x). The assimilation of MEGAN
biogenic emissions into WRF-Chem is a matter of setting the correct namelist.input
settings. Further instructions, including support contact details at NCAR, can be found in
Appendix C.

3.6 Conversion of biogenic-emission data files

The emissions-input data files for biogenic and biomass-burning data also need to
be in a WRF input data file format. This includes containing the correct header
information related to your simulation domain. There is a program available that
converts the emissions data from their respective intermediate data files to a WRF
chemical-emissions input file — convert emiss.exe. This program is located under the
WRFV3/chem directory and is compiled using the compile emi_conv command. The
executable can be located in the WRFV3/test/em real directory. The program will read
the namelist.input file and convert the data files depending upon the options set by the
user in the chemistry and time control namelists.

3.7 Placement of chemical-emission input data files

The emissions-input data files need to be located either in the run or the
test/em_real directory. Often users place the data in the run directory and link it the
test/em_real directory, since they will be used over and over again.

As you can see from this example, the WRF-Chem anthropogenic-emissions data
file (wrfchemi _d01 2008-07-14 12:00:00) is located in the WRFV3/run directory and is
linked to the WRFV3/test/em real directory. One advantage of this methodology is the
reduced chance of accidentally removing the data files. It also reduces disk space usage
as only one data file is needed, and it could allow for one data file to be used for multiple
simulations by  changing the name of the linked data file.
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Chapter 4: Running the WRF-Chemistry Model
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4.1 Introduction

After successful construction of the anthropogenic- and biogenic-emission-input
data files, it is time to run the model. This process is no different than running the
meteorological version of the model. To make an air-quality simulation, change directory
to the WRFV3/test/em real directory. In this directory you should find links to the
executables real.exe, and wrf.exe, other linked files, and one or more namelist.input files
in the directory.

For larger domain simulations, one should use a DM (distributed memory)
parallel system to make a forecast. This is of particular importance for WRF-Chem since
much additional memory is required.

4.2 WRF-Chem name list options: the choice of CHEM_OPT

The largest portion of the chemistry name list options are related to the chemical
mechanisms and aerosol modules selection. The mechanism used during the forecast is
decided with the name list parameter chem opt that is described next. Some of these
choices require other settings for other name list options. The options that are printed
with red lettering indicate those options that are not fully implemented and tested. Model
users are discouraged from selecting those options as they are not fully supported and
could produce erroneous, or in the extreme case, detrimental results. In addition, it should
be pointed out that the model developers most often work with just a few options at one
time (e.g., RADM2/MADE-SORGAM, CBMZ/MOSAIC). Not all of the other available
options are tested during development, but often it is a trivial exercise to make the other
options functional. Therefore, users are encouraged to determine their desired settings
that works best for their simulation, test the name list combination, improve the model
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RADM2
/QSSA
Chemistry

code, and then communicate the improvements to the WRF-Chem user community. The
chem_opt name list parameter is organized according to the chemical mechanism that is

used.
&chem Description
namelist
variable
chem opt=0 no chemistry
=1 includes chemistry using the RADM?2
chemical mechanism - no aerosols
=2 includes chemistry using the RADM?2
chemical mechanism and
MADE/SORGAM acrosols.
=5 CBMZ chemical mechanism with
Dimethylsulfide, or DMS
=6 CBMZ chemical mechanism without
DMS
CBMZ chemical mechanism
=17 (chem_opt=6) and MOSAIC using 4

sectional aerosol bins.
CBMZ chemical mechanism

=8 (chem_ opt=6) and MOSAIC using 8
sectional aerosol bins.
=9 CBMZ chemical mechanism

(chem_opt=6) and MOSAIC using 4
sectional aerosol bins including some
aqueous reactions

=10 CBMZ chemical mechanism
(chem_ opt=6) and MOSAIC using 8
sectional aerosol bins including some
aqueous reactions

=11 RADM?2 chemical mechanism and
MADE/SORGAM aerosols including
some aqueous reactions

=12 RACM chemical mechanism and
MADE/SORGAM aerosols including
some aqueous reactions

=13 Run with 5 tracers with emissions,
currently set up for SO,, CO, no, ald,
hcho, ora2

=14 Single tracer run using tracer 1 array

=15 Ensemble tracer option using 20
individual tracers and an ensemble tracer
array

=16 Greenhouse Gas CO; only tracer
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Additional Comments

For dust and sea salt use dust_opt=2,
seas_opt=2

For dust and sea salt use dust_opt=2,
seas_opt=2.

For dust and sea salt use dust_opt=2,
seas_opt=2.

For dust and sea salt use dust_opt=2,
seas_opt=2.

Use of tracer_opt suggested
Use of tracer_opt suggested

Use of tracer_opt suggested



=101

=102

=103

=104

=105

=106

Greenhouse Gas tracer

CBMZ chemical mechanism

(chem_ opt=6) and MADE/SORGAM
modal aerosol

CBMZ chemi